The introduction of heptyl aldehyde, through the diet, into tumor-bearing mice has a pronounced effect on the liquefaction and ultimate fate of spontaneous tumors of the mammary gland.4 Similar changes have been produced in spontaneous tumors in mice by the injection of heptyl aldehyde into the individual at sites remote from the tumor. Due, however, to local ulceration at the site of injection, produced by the undiluted heptyl aldehyde, subsequent treatment of tumors in mice by this technic is restricted. It has also been determined that retrogressive changes in spontaneous tumors in dogs could be brought about by the injection of the same material. Due, perhaps, to the more resistant nature of the dog's skin, this local ulceration is minimized and, in fact, by careful technic is completely eliminated. 7 It is reasonable to believe that it is perhaps more significant to influence cancer by introducing certain pure chemicals into the organism through the diet than by the injection of the same material. Extensive investigations, however, have shown that relatively larger quantities of materials are necessary to produce a given physiological effect when given per os than by injection. Cancer is still an unknown quantity; in fact, it defies classification. Consequently, in order to demonstrate a clear-cut effect on the origin and fate of neoplastic tissue, one must be careful not to handle the experimental animal too much, as may possibly be done by periodic injections.
It has also been shown that redistilled chemically pure heptyl aldehyde is probably the active ingredient in the low boiling-point fraction of the true oil of Gaultheria which brings about the liquefaction of spontaneous tumors. The opinion is also valid5 that the heptyl aldehyde alone is not as efficient as the low boiling-point fraction of the true oil of Gaultheria in bringing about retrogressive changes in spontaneous tumors. Heptyl aldehyde is quite unstable, being converted readily by oxidation or undergoing polymerization. It is also known that the true oil of Gaultheria is more stable than is the synthetic methyl salicylate. The opinion is fraisse is salicylic aldehyde. There is a possibility that the stability of the natural oil of wintergreen may be due to slight traces of some chemically related anti-oxidant.
In this work the attempt was made to approach the chemical situation of the low boiling-point fraction of the natural oil of wintergreen. Before the effects of the addition of slight traces of the known anti-oxidants to heptyl aldehyde can be investigated, the possible effect of a mixture of heptyl aldehyde and methyl salicylate (which was present in the original low boiling-point fraction) had to be determined. The present paper presents the data obtained by the introduction of these two pure chemicals into the individual through the otherwise normal or control Nurishmix diet. no puncture of the tumors was performed. In fact, no experimental manipulation of the tumors or handling of the animals was done.
Spontaneous hemorrhage from the surface of otherwise intact tumors occurred into adjacent tissue in some mice under experimental treatment. Death of the animal occurred in some cases following this uncontrolled loss of blood. In the preceding experiments it was found that the life of the individual could be saved from this untimely death by draining, by sterile puncture, the cysts formed in the tumor. In some cases, however, after a preliminary oozing of liquid from the cystic tumor, the mouse recovered and lived without sign of recurrence of the spontaneous tumor. In 12 mice (of the total of 50 used) complete spontaneous disappearance of the tumor occurred without a break in the skin over the tumor. Liquefaction of the tumors had become so pronounced in some instances, that at biopsy, or late autopsy, no solid tissue in the original spontaneous tumor remained. A simple piercing of the intact skin over the liquefied or cystic tumor would bring about the complete collapse of the tumor. No such area of liquefaction has ever been encountered in the spontaneous tumors of the control mice of the same A strain.
Microscopic sections of tumors in the treated mice, obtained at either biopsy or autopsy, disclosed changes similar to those found in the tumors of mice receiving heptyl aldehyde alone. Extensive necrosis was present throughout the tumors. This is-in sharp contrast to the small localized areas of necrosis which are frequently found in large-sized tumors in control mice. Spicules of bone were present in the necrotic areas of the tumors in the experimental mice. Polyblastic invasion into necrotic areas was frequent. In one mouse (No. 131,050) a hemorrhage had occurred between the thickened capsule and the tumor proper. Invasion by polyblastic cells had occurred into this old hemorrhage. The second most frequently occurring feature was the presence of more or less liquefied areas. In some cases cavities were present in the tumor; in other tumors the liquefied areas had fused to form large cystic areas filled with fluid. The color of these cysts, on gross inspection, varied from a clear white to a dark red or even dark brown, varying according to the amount of hemorrhage into the tumor. Granules of hemosiderin were present, particularly in one tumor which had contained a relatively large amount of hemorrhage. The stroma and the capsule in a few of the tumors in the experimental animals appeared to be increased, but this feature was noticeably inconsistent. In fact, the impression was gained that the tumors in this series differed in two particulars from those obtained in mice which had received the low boiling-point fraction of the true oil of Gaultheria, in that: (1) the areas of liquefaction and necrosis with polyblastic invasion appeared to be more pronounced in the present series, and (2) the stroma of the tumors appeared to be less affected. It may be that the enhancement of the stroma in the tumors of those mice which had received the natural oil of Gaultheria and the low boiling-point fraction of the true oil of Gaultheria may be due to the presence of some chemical other than heptyl aldehyde or methyl salicylate.
In Chart 9 data are presented on ( . By an inspection of the chart between 7 and 9 weeks after the start of the experiment, it is obvious that in the succeeding series, a closer approach to the base line has been obtained. The last series obtained with heptyl aldehyde and methyl salicylate is the nearest approach to the complete control of spontaneous tumors in mice by chemotherapy. A series of photomicrographs of tumors obtained in mice which were treated with heptyl aldehyde and methyl salicylate are given in Figures 2 to 8. Figure 1 , a photomicrograph of a tumor in a mouse which had received the low boiling-point fraction of the natural oil of Gaultheria, is given for the purpose of comparison with those tumors which were obtained in mice treated with heptyl aldehyde and methyl salicylate.
General Discussion
Maisin, Pourbaix, and Jonard2 maintained that the "peroxyde de diformaldlehyde" acted as an inhibitor on the tumors induced by benzpyrene. Taking into consideration the fact that heptyl aldehyde very readily becomes oxidized into the corresponding peroxide, Boyland and Mawson' suggest that the inhibitory action of that substance is perhaps due to its conversion into the peroxide.
There are several valid reasons indicating that this mechanism, as expressed by Boyland and Mawson, is perhaps not the true interpretation. Maisin et al. daimed that they could produce inhibition of induced sarcoma by the injection of extremely small quantities of the "peroxyde of diformaldehyde." It has been found in this investigation that in order to bring about liquefaction and other retrogressive changes in spontaneous tumors, considerable amounts of heptyl aldehyde must be used. When heptyl aldehyde is added to the otherwise normal diet, it loses its characteristic odor within 48 hours. If this "aged" mixture is fed to tumor-bearing mice, no retrogressive changes in the tumors are brought about. That is, in order to influence malignancy through the present technic, the freshly mixed heptyl aldehyde oatmeal mixture must be given to the mice every day.
The same type of retrogressive change (liquefaction) may be brought about in both mice and dogs by introducing the heptyl aldehyde into the organism either by the diet or by subcutaneous injection. It is not known whether the changes that heptyl aldehyde undergoes within the body are the same when the agent is introduced by different routes.
It has been demonstrated that heptyl aldehyde mixed with other chemicals contained in the low boiling-point fraction of the true oil of Gaultheria (that is, methyl salicylate) is more effective in bringing about retrogressive changes in spontaneous tumors than is redistilled heptyl aldehyde alone. This difference may be due to the fact that the low boiling-point fraction of the natural oil of Gaultheria is more stable than is heptyl aldehyde. The opinion has been expressed that this stability may be due to traces of impurities, such as anti-oxidants, in the natural oil. The suggestion is being continued that a greater effect on spontaneous tumors may be forthcoming when steps have been taken to prevent or to delay the premature chemical changes of the otherwise effective heptyl aldehyde.
It has been shown (in press) that redistilled synthetic methyl salicylate is more effective in bringing about a slower growth of spontaneous tumors in CBA than in A mice. In fact, the material failed to cause a slower growth of spontaneous tumors in experimental A mice than in their controls. The present investigation demonstrates that a combination of three parts of heptyl aldehyde with one part of synthetic methyl salicylate is more effective in bringing about liquefaction and, in some cases, complete retrogression in spontaneous tumors than is either chemical alone. This would indicate either of two alternative interpretations. (1) That the methyl salicylate alone may have had an effect on spontaneous tumors in A mice other than the criteria of growth rate of the tumor and of the survival time of the tumor-bearing mouse. The result obtained with the mixture of heptyl aldehyde and methyl salicylate would thus be due to an enhanced cumulative effect of both chemicals, or (2) that the heptyl aldehyde itself is the effective agent in bringing about retrogressive changes in tumors. In this case, the methyl salicylate may serve as an agent in delaying excessive chemical changes of the heptyl aldehyde.
The conclusion that seems to be valid, therefore, at least for the present continuation of the investigation of chemotherapy in cancer, is that the most effective agent that has an inhibitory action on spontaneous tumors in mice is heptyl aldehyde. The logical development of the work would involve (1) the testing of other aldehydes and other dosely related chemicals on spontaneous tumors, and (2) the stabilization of heptyl aldehyde by (a) mixtures with other pure chemicals, particularly the known anti-oxidants, or (b) by the use of such derivatives of heptyl aldehyde which would regenerate the heptyl aldehyde slowly within the body. An investigation of these problems is now under way. Summary A combination of three parts of heptyl aldehyde and one part of synthetic methyl salicylate added to the diet of tumor-bearing mice is an effective way of influencing malignancy by chemotherapy.
Twenty of 45 tumor-bearing mice (44.4 per cent) showed pronounced diminution in size in their tumors by the experimental treatment employed. The original tumors in 12 of these (26.6 per cent) disappeared. Nine of these 12 mice lived in normal health without any evidence of recurrence following the regression of their tumors. The other three mice (of the 12 referred to) later, when placed on the control diet, had recurrences at the site of the original tumor. The average growth rate of all the tumors in the experimental animals is significantly lower than is the corresponding growth rate for the control mice. Also, the experimental mice lived longer than the controls. The chemical significance of the use of heptyl aldehyde in the treatment of spontaneous tumors in mice is discussed.
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